Thermoluminescence (TL) appears when a solid sample (usually an insulator or semiconductor )is heated after being irradiated at a low temperature 0 T . Part of the energy absorbed by the sample in course of irradiation may be released during heating . Thermoluminescence has found important application in dating and dosimetry. The rigorous theory of thermoluminescence is very complicated. The most popular model of thermoluminescence (TL) is the three parameter model suggested by Halperin and Braner 1 and later developed by Chen et al 2 .
INTRODUCTION
Thermoluminescence (TL) appears when a solid sample (usually an insulator or semiconductor )is heated after being irradiated at a low temperature 0 T . Part of the energy absorbed by the sample in course of irradiation may be released during heating . Thermoluminescence has found important application in dating and dosimetry. The rigorous theory of thermoluminescence is very complicated. The most popular model of thermoluminescence (TL) is the three parameter model suggested by Halperin and Braner 1 and later developed by Chen et al 2 .
In three-parameter model , TL is described by the parameters namely activation energy ( E ) , order of kinetics ( b ) and frequency factor ( s ) . There are a number of methods for the determination of activation energy (E) , such as peak shape , initial rise , various heating rates method etc. Out of these methods peak shape method probably is the simplest because in peak shape method activation energy (E) can be determined by knowing only two or three characteristic temperatures of the peak . In this paper we present a review of the peak shape method for the determination of activation energy of a TL peak.
One can define from the figure the following parameters : T m = temperature at maximum intensity T 1 , T 2 = temperatures on either side of T M , corresponding to half-intensity τ=T m -T 1 , half width at lower temperature side δ=T 2 -T m ,, half width at higher temperature side ω=T 2 -T , the total width , so-called geometrical shape factor or symmetry factor Grossweiner 3 was the first to use the shape of glow peak to calculate the trap depth and the frequency factor . His method is based on The integrals in the brackets can be resolved by asymptotic expansion . By dropping terms after the first in series , expression (3) Lushchik 5 also proposed a method based on the glow peak shape for both first order and second order kinetics. Introducing the parameter , a glow peak can be approximated to a triangle as shown in Fig. 2 .
Fig. 2 : Approximation of a glow-peak in a triangle
In this case with a good approximation one has ... (5) where is the carrier concentration at the maximum . At maximum point , ... (6) Using condition at maximum i.e. , ,equation (6) In a similar way for second order kinetics , Lushchik 5 used the solution for , replaced with , and the intensity at the maximum . Thus activation energy for second order kinetics is ... (8) Chen 6 modified the 2 previous equations for a better accuracy in the value . The frequency factor for the first order process is obtained by the following equation :
Halperin and Braner 1 gave a different approach by using both and . They considered the luminescence emission as mainly due to (a) raise of electron to an excited state within the forbidden energy gap below the CB and recombination with holes by the tunneling process (model A) and (b) recombination of electrons with holes via CB ( model B ) . Both the models are depicted in Fig. 3 . Halperin and Braner also gave a very easy way to decide the type of kinetics involved in the process .
for first order and for second order Equation (9) from which can be calculated .In this formula . The formula is reported to hold true for 0.75<<0.9 and 10< .
Chen 6 ummerised all the pre-existing methods and gave a detailed methodology for deriving the coefficients for the first and second order kinetics. He derived expressions for evaluating E using numerical approximations. Chen method is useful for a broad range of energies ranging between o.1eVto 2.0eV and preexponential factor between 10 Furthermore, the procedure does not use any knowledge of the kinetics order which is found using directly symmetry factor µ g from the peak shape. He used total half-width peak method to find E ω , high temperature side half peak to find E δ and low temperature side half peak to find E τ .
He started from the first order equation , giving TL intensity as a function of the temperature, The equation was rearranged using condition at the maximum and then solved numerically by approximating the integral by a certain number of terms of the asymptotic series and using the iterative Newton-Raphson method . Chen found that the order of kinetics b is a monotonic function of shape factor µ g =δ/ω. Chen calculated µ g (ranging from 0.36 to 0.55) for various values of ranging from 0.7 to 2.5 and presented a graphical relation between b and µ g (Fig. 4 ) . This provided a simple method by which can be determined from a measured value of µ g .
According to Balarin , the previous expressions allow to determine the activation energy values accurately to within 0.5%. The experimental inaccuracy in the determination of ω then becomes dominant and limiting .
Balarin also proposed a graph which gives the kinetic order as a function of γ=(δ/τ) (Fig. 5 ) , of a first order peak using the widths or half-widths of the peaks . These widths corresponds to temperatures at which the signal level is 1/4 , 1/ 2 or 3/4 of the peak height , on both sides of the peak temperature at the maximum , Fig. 6 shows the various temperatures previously defined For a given value of Em, the ratio depends only on . An iteration procedure is needed to solve the above equation because one must be sure about the convergence of the procedure itself. This is done using as a starting value of . Similar expressions are also given which allows to know the width of a peak whose E and are known .
Mazumdar et al 13 (1988) extended the work of Christodoulides on peak shape method following general order kinetics . To construct a new set of expressions , they involved temperatures where intensity is 1/2 , 2/3 and 4/5 of the maximum. The authors claim that the selection of these points is based on the fact that the upper half of the peak, in general , is expected to be free from interference from satellite peaks .
They also started from the well-known GO equation and calculated (for ) and (for ) . However , their expressions are not valid for b=1 . For a given value of the ratio , the corresponding values of and are then determined using the same iteration procedure followed by Christodoulides, taking With prior knowledge of b, a new set of expressions for GO kinetics was presented by Gartia et al 14 . The mathematical procedure is similar to that given by Mazumdar et al 13 . Using equations for b=1 [Christodoulides 12 ]and [Mazumdar et al 13 ] , applying iterative method , it is possible to write the following expression for activation energy .
where or ω
The coefficients C and D are found using the method of least square for different order of kinetics b in the range from 0.7 to 2.5 and for x=1/ 2,2/3 and 4/5. For a particular value of x the coefficients result to be dependent on and then can be expressed as a quadratic function of b itself . So that the previous equations can be rewritten as The correctness of their equation was ensured by getting output activation energy values coinciding with the input ones . The errors of the peak shape method were studied in details . They also described the error evaluation procedure , which allows one to gain all the benefits of the peak shape method when they are applied to experimental results. A scope for further improvement of the accuracy of the evaluation of the activation energy is there . Sunta et al., 19 (2002) tested the capability of MO and GO kinetics to it synthetic glow-peak derived from various phenomenological models such as one -trap-one -recombination center model (OTOR), non-interactive multi-trap system (NMTS) and interactive multi-trap system( IMTS ) . They found that the MO kinetics model fits the NTMS and IMTS glow -peaks much more successfully than the GO kinetics . On the other hand, the MO fits poorly the TL peaks produced by the OTOR model. They attributed to this result to the fact that the OTOR model is too simple and physically unrealistic. The numerical simulation of synthetic glow peak was performed by using very broad regions of the trapping parameters ( ) in order to cover as many practical cases as possible . From the simulated synthetic glow peaks both geometrical symmetry factor µ g and integral symmetry factor µ g were evaluated . Their behavior as a function of α is shown in Fig. 9 . Sunta et al 21 has found some limitations of GO peak -fitting and peak-shape methods for determining the activation energy of the TL glow peaks in the cases in which retrapping probability is much higher than the recombination probability and the traps are filled up to near saturation level . Right values can be obtained when the trap occupancy is reduced by using small doses or by post-irradiation par tial bleaching . They recommended that this method of activation energy determination should be applied only at doses well below the saturation dose .
In the present paper we have reviewed different variants of peak shape (PS) method . Normally the peak shape method is suitable for single and isolated glow peaks but the availability of peak shape expressions for arbitrary intensity ratios such as 1/4, 2/3 or 4/5 makes possible investigators to use the peak shape formulas even if one side (rising or falling ) of the peak is clean as reported by Gartia et al., 22 . 
